Three Criteria for Ecological Fallacy
In a large cohort study published in Environmental Health Perspectives, Brenner et al. (2011) confirmed previous results on I131 exposure and thyroid cancer among a Ukranian population. According to the authors, one motivation to study this associa tion was based on evidence from eco logical studies (Jacob et al. 1999 ) with two methodo logical limitations: use of grouped doses and poor control of confounding. With these new findings, evidence from eco logical, case-control, and cohort studies are consistent; thus, an interesting question is whether there was an ecological fallacy.
Although ecological studies are important to epidemiology (especially in environmental and social epidemiology), public health prac titioners seem afraid of ecological studies. It is a common practice to assume the presence of ecological fallacy (Robinson 1950) and low level validity when analyzing an ecological study. Most epidemiologists prefer an exclu sive individualistic approach, although the importance of a multi level causal approach is widely recognized (DiezRoux 2002) . In this sense, some authors suggest that it is as important to recognize the presence of eco logical fallacy as to recognize psychologistic or individualistic fallacy (Subramanian et al. 2009) (Figure 1 ).
Thus, it is necessary to have clear guide lines on when there is or not an ecological fallacy. In this sense, I propose three criteria for the identification of ecological fallacy; all three of these should be present to confirm its existence:
• Results must be obtained with ecological (population) data.
• Data must be inferred to individuals.
One use of ecological studies is to explore individuallevel association when individual data are not available. When the focus of the study was contextual or based on popu la tion effects and there is no inference to individuals, ecological fallacy is not pos sible. When only the first two criteria are present-which is insufficient to affirm eco logical fallacy-it is appropriate to acknowl edge that there is a possible relation ship and that further study is required.
• Results obtained with individual data are contradictory.
Only when empirical data are available is it possible to confirm that an ecological fallacy is present. Research needs include updating epidemiology cohorts with data on work histories and exposures in relation to particle size and surface area, and recruitment of additional carbon black facilities.
The relationship between occupational exposure to carbon black and validated bio markers of oxi dative stress should be examined and exposureresponse relationships in humans and rodents quantified, including the role of particle size.
Ward et al. (2010) referred to a study of British carbon black workers in which carbon black was suggested as a possible "late stage carcinogen" (Sorahan and Harrington 2007) . In that study, Sorahan and Harrington (2007) called for similar analyses of other carbon black cohorts (i.e., evaluating the possibility of carbon black acting as a late stage carcinogen via the concept of "lugging," which considers only recent exposures and not historical exposures). In response to sug gestions made by Sorahan and Harrington, we conducted such analyses on a large German carbon black cohort (Morfeld and McCunney 2007, 2009 ). We were unable to reproduce the results of the British analysis, despite the elevation noted in lung cancer among German cohort workers, thus pro viding no support for the late stagelugging hypothesis. Results of a detailed analysis of the German cohort using Bayesian meth odology showed smoking and exposure to occupational carcinogens prior to work at the carbon black plant as confounders prob ably responsible for the lung cancer excess 
